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SUMMARY

Results are presented of a preliminary analysis of some strain-gage
measurements of the losds carried by the wing and horizontal tall of a
Boeing B-4TA airplene during graduel-turn mesneuvers for altitudes varying
from _'é_5 ,000 feet to 35,000 feet and covering a Mach number range from O.hl
to 0.00.

The additional air-load center of pressure on the 35° sweptback,
high-aspect-ratio, flexible wing of the test ailrplene exhibted no signif-
icant tendency to change appreciably in a spenwise direction because of
Mach number throughout the test range. The center of pressure, however,
moved forward with lncreasing Mech number.

The distribution of load among the components of the Boeing B-b7A-
alrplane followed the pettern which was typicel of that found to exist
on several slrplenes tested previously; that is, the various components
cerried spproximately a constant proportion of the total airplane additionsl
1ift throughout the Mach number range covered and the fraction of the
wlng-fuselage normel-force coefficient carrled by the exposed wing was
gpproximately the same magnitude as the ratio of the area of the exposed
wing to the eres of the total wing.

INTRODUCTION

The National Advisory Committee for Aeronsutics is currently con-
ducting a flight investigation with a Boeing B-4TA alrplane. The aims
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of the flight program are to obteln information on the effects of sero-
elasticity on quasi-statlic loads, dynamic stebility, dynemic loads, and
handling qualities of a large flexible alrplane having sweptback wing
and telil surfaces.

Although the flight tests are still in progress, sufficient data
have been obtained to indicate the approximate magnitude of the Mach
number snd dynemlc-pressure effects on the dlstribution of the additional
load. This report is the result of a preliminary examination of some
of the loads measurements obtalned by simplified data~reduction proce-
dures and is subject to any modification that might be werranted when =&
detalled analysls 1s made at the completion of the flight investigstion.

Data were obtained in gradusl-turn maneuvers made at altitudes from
15,000 feet to 35,000 feet covering the Mach number range from 0.4k to 0.80.

SYMBOLS

a speed of sound, ft/sec

true alrspeed, ft/sec
M Maech number, V/a
q dynamic pressure, Ib/sq ft
Ry left-wing inboard shear and moment reference axis (see fig. 3)
Ro left-wing inboard torque reference exis (see fig. 3)
R3 left-wing outboard sheer and moment reference axis (see fig. 3)
L serodynamic load on left wing outboard of reference axis
IT total aerodynamic loed on horizontal tall outboard of gage

locations

cy meen aerodynemic chord of wing
EE mean aerodynamic chord of wing outboard of reference sxis Rj
S total wing ares, ‘inciuding portion covered by fuselage (wing-

fuselage area), sq £t
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Sy twice the erea of wing outboard of reference axis R;, sg ft
W alrplene gross weight, 1b
n airplane normal load factor at alrplane center of gravity,
g units
CNA airplane normal-force coefficient, nW/qS
CNT horizontal-tail normal-force coefficient, LT/qS
CNR normel-force coefficient of left-wing alr loed outboard of
Al
reference axis Rl, LRy/qs
CNR normal-force coefficient of left-wing air load outboard of
p) reference sxis R 5/ S
% Ig /4
Cw normal-force coefficient of wing-fuselsge combinsation, CNA - CNT

APPARATUS

Arplene.- The Boeing B-L47A alrplasne, ss illustrated by the photo-
graph of figure 1 and the three-view drawing shown in figure 2, is a Jet-
propelled medium bomber powered by six General Electric J-4T7-GE-23 turbo-
Jet engines, each having a sea~level thrust rating of 5,800 pounds at
100 percent rotational speed. The pertinent dimensions and characteristilcs
of the airplene are listed in tdble I.

The airplene had two spanwise rows of vortex generators, approximately
two-thirds the span of the alleron in length, mounted on the upper-wing
surface close to the front spar. (See fig. 3.) The yaw damper, although
pert of the standard equipment, was not used during the present tests.

Instrumentation.~ The instrumentation installed 1n the test alrplene
relevant to this report consisted of standerd NACA recording instruments
to measure airspeed, sltitude, and normal acceleration at the alrplane
center of gravity. The airspeed heed was mounted on a boom extending
forward of the nose of the fuselage equlvalent to & distance of approxi-
mately 0.8 of the maximum diemeter of the fuselage and the airspeed
system was calibrated in flight.

.o

Straein geges pertlnent to this papei were located on the left wing
and hordrantel Fa31 for~ Pior 2 and Z) +A meracnp~ otpriintiirn] ch~ar
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moment, end torque for the losd acting outboerd of axis R;, shear and
moment for the load acting outboard of exis Rz, and the horizontel-tail

Joad. A strain-gage-celibration procedure similar to that outlined in
reference 1 was used to combine the primary strein-gage bridges and to
obtaln equations for structural loads in terms of the gege outputs es
recorded on 18-channel oscillographs.

A l/lo-second time pulse was used to correlaete the records of all
recording instruments.

TESTS; RESULTS, AND DISCUSSION

In order to expedite the presentation of some preliminery results
the meneuvers analyzed for thls report consisted only °f-3inQ:EEL1§EEﬁ;
that initiated from trimmed steady flight end were gradually tightene
in such a menmmer that the wlng loading was maintained essentially sym-
‘metricael and the accelerstion essentlally uniform over the component
parts of the airplane.

The test conditions covered a range of load factor from 1 g to 2.5g
or stall buffeting whichever occurred first, a range of Mach number from
0.4t to 0.80, & range of dynemic pressure from 130 1b/ft2 to 460 1b/ft2,
and a range of altitude from 15,000 feet to 35,000 feet. The airplane
take-off gross welght was approximately 125,000 pounds and the landing
weight was spproximately 100,000 pounds. The center of gravity was
varied between 14 and 27 percent of the meen aerodynsmic chord by loading
the fuel in selected quantities in the five fuselege tanks and then
prograemming fuel consumption from the tanks while In flight. During any
perticular test run, the center-of-gravity position varied less than
1l percent because of fuel consumption.

Some inconsistencies 1n the levels of the measured strain-gage data
were noted and there were I1ndications that these effects resulted from
wing and tall structure temperatures varying from £flight to flight with
changes in altitudes during each flight. At the present time, sufficient
date have not been obtained to ascertain completely the magnitude of these
tempereture-induced effects on the strain-gage ocutputs. For thlis reason,
only edditional air-load results are presented since these results cen
be expressed as the rate of change of one load with respect to another
during the short periocd of a maneuver and do not require correction for
temperature effects., These results are presented in terms of wing load
and center of pressure and percent of total airplane load acting on the
wing and tail.

Wing-load center of pressure.- The rates of change of moment and
torque with shear locate the spanwise and chordwise positions, respectively,
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of the center of pressure from the pertinent reference stetions. Typlcal
variations of the torque and moment with shear for the air load scting
outboard of axis R; are shown In figure 4 for a maneuver msde at M = 0.60
at 20,000 feet. It can be seen from the linearity of the plots that the
center-of-pressure location of the additioneal sir load remsined unchenged
throughout the maneuver. The variation of moment with shear for the alr
load acting outboard of reference saxis R3 is shown in figure 5 for the

same maneuver.

The center-of-pressure positions were determined from curves similar
to those shown in figure It for each msneuver and the range of values
obtalned is indicated by the envelope drawn on the left-wing plan form
in figure 6. Tt can be seen from this envelope.that the additional air-
load center of pressure had a 50-inch spanwise range, a 17-Inch chordwise
renge, and encompassed the 25-percent T, point. The changes in the

center-of-pressure location casn be atitributed to the effects of various
parameters, such as Mach number, dynamic pressure, end alrplane weight,
which varied from run to run. No attempt was mede to isolete the indi-
vidual effect on the center of pressure of any of the parameters mentioned
owing to the relatively few meneuvers snalyzed. The center-of-pressure
values have, however, been plotted against Mach number and are presented
in figures 7 and 8.

In figure T the spanwlse center of pressure of the additlionel losd
outboard of axis R; end that outboard of axis R3 are plotted against
Mach number. The ordinate is percent of span outboard of axis -Rl' Mean

lines asre drawn through the respective sets of points at the 45-percent~
and T3-percent-span stations. There is no significant tendency indicated
that the load shifted sgppreciebly with changing Mach number.

Although sny attempt at detailed correlation with theory for the B-LTA
configuratlion is not warranted for these data, theoretical centers of pres-
sure are, for genersl comparison, shown 1n figure T for a rigid-wing-alone,
incompressible, additional load distrlbution as obtained from reference 2.

In figure 8 the chordwise centers of pressure, in percent ©Tbp, for
the loads outboerd of axis R; are plotted sgainst Mach number and a

mean line drawn through the plotted values. A gradual forwsrd or destsebi-
lizing shift with increasing Mach number of about 5 percent T, from the

quarter-chord position is apparent over the Mach number range.

Component loeds.- The fraction of the total-alrplane normal-force
coefficient GNA carried by the wings and tail was determined from the

slopes of the respective curves for the varistion of the component normal-
force coefflcients with CNA‘ Although the left-wing loads only were
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measured, the right-wing loads were assumed to be eqpal, an assumption
Justified by the type of maneuver analyzed.

Component-force coefflicients, CNRl’ CNRQ’ and CNT’ for the wing-

and tall-loed variation with Cy, are presented in figures 9 and 10 for

a typical run made at M = 0.60 and 20,000 feet altitude. As in the case
of the plots used in determining the centers of pressure (figs. 4 and 5),
the variations shown in figures 9 and 10 are linear so that the fraction
of the total load carried by each component remeined constant throughout
the CNA renge of the maneuver. Similsr plots were made for all the

runs and the quentities 2(dCNRl /chA), 2(&01\;32 /chA), and  aCyy/ay,

are plotted sgeinst Mach number in figure 11. The fraction of CNA

carried by the wing did not change sppreciebly with Mach number. Once
egaln no attempt was mede to isolate the effects of the parameters which
varied from run to run. Approximstely 84 percent of the Cx, wes carried

by the wing ares outboard of axis Rj plus the corresponding srea on the
right wing whereas the wlng area outboard of axis R3s plus the correspond-
ing areea on the right wing carried epproximately 28 percent of CNA'

ACN
The quantity =s— varies from spproximate zero for the meneuvers
d.CNA

made with the center of gravity at 14 percent €y to 5 percent of the
total alrplane normal-force coefficient for meneuvers made wlth the cen~

— a
ter of gravity at 27 percent cj;. A slight increase in -EEI with
aCNp
increasing Mach number, which 18 consistent with the forward or destabi-
lizing shift in chordwlse center of pressure on the wing, can be noted
for the forward and normal center-of-gravity polnts shown in figure 1ll.

As found 1In previous tests with several other alrplanes of differing
configuration and rigidity, (refs. 3 and 4), the fraction of the wing-
fuselege loed carried by the wing of the test alrplane (0.86) was approx-

imately equal to the area ratio %%. The normal-force coefficlent of the
wing-fuselage combinsation CNWF was determined by subtracting CNT
from CNA' As & matter of interest the variation with Mach number of

the frections of the wing-fuselage load carried by the wing of the North
American B-45A, Dougles D-558-II, and test airplane are shown in flgure 12.
A table listing pertlnent physical characteristics of the airplanes is
included in the figure.
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CONCLUDING REMARKS

Within the scope and limitations of a preliminary anelysis of the
measured additional air loads on a Boeing B-ATA airplane in gradual-turn
meneuvers, i1t was indlcated that:

1. The chordwlse center of pressure on the wing showed e gradusl
forward movement wlth increaesing Mach number and there was no significant
trend noted that indicated an apprecieble shift of the load in a spanwise
direction due to Mach number.

2. The proportion of the total airplane normal-force coefficlent
carried by the wing remained spproximstely constent up to the meximm
test Mach number of 0.80.

3. The wings carried approximetely 0.86 of the total-airplane-less-
tail normal-force coefficient whereas the ratio of the exposed-wlng area
to the wing-fuselage ares was approximately 0.87.

Lengley Aeronautical Lsboratory,
Netional Advisory Committee for Aeronsutics,
Langley Field, Va., Jenuary 2%, 1955.
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TABLE I

DIMENSIONS AND CHARACTERISTICS OF THE BOEING B-4TA ATIRPLANE

Wing:
SPan, £E o ¢ ¢ ¢ o 4 4 4 s 4 e 8 e e s e e w e e e e e e 116.0
Areg, B8Q Ff ¢ ¢ ¢ ¢ ¢ o o ¢ o o o s s e o s 8 o s e 8 s s 1428.0
Aspect TaLI0 ¢ ¢ ¢ ¢ ¢ o s s 6 e e e 8 6 4 s e 0 e e e . 9.43
Taper T8tI0 o« v « o o o o s o o 5 o« s o o s o ¢« o o & o » o.42
Thickness ratio « ¢ « ¢ « ¢ o o ¢ o « o s = s o o s s« = » c.12
Mean serodynemic chord, In, e« « « o ¢ o ¢ ¢ o ¢ = o o o« & 155.9
Sweep at 25-percent chord, deg . « ¢« v ¢ o o ¢ o o o & o « 35.0
Root chord, IBe « v« v = ¢ o ¢ o o = « o o o « o « o o o &« 208.0
Tip chord, Ine « & & o« &« « ¢« o o o o o o « o o« s « o« & « 87.0
Airfoil section . . . et e e e e e s e e e e e e s e BAC 145
Incidence (root and tip), AEE ¢ ¢ ¢ o e o s e e e e e .. 20 451
Dlhedral, d€E =« « « ¢ « o ¢ « o o o« « o« o « o o o s s « = o

Borizontal Tall:

SPEN, FE o o o o o o o o o o o o o b o e e e e e e 33,0
Area, 8@ £t « ¢ o 4 s e e b e s s s e s s e e e e e e 268
ASDPECE TAELIO o o « ¢ o ¢ o v o ¢ o o o o 6 o « v o o . o0 . k.06
Taper TALLO o « « o o« o & s s s o ¢ o s o s ¢ o o s o o« » 0.42
Thickness r8tl0 o ¢ ¢ ¢ « o ¢ o o ¢ o« o« s a ¢ o s s o o 0.10
Mean serodynamic chord, InDe « « o « o o o o « « o « o o » 102.9
Sweep at 25-percent chord, deg « « ¢« « « ¢« ¢« « + « ¢« « o 33.0
Root chord, Ine « o« ¢« v ¢ ¢ o ¢ ¢ o ¢ ¢« ¢« o ¢« o o o o o 157.0
Tip chord, in. e e s e s s e s e e e e e s e e e e e e 58.0

TNCLdENCE « v « o o o o o o o o o o o o e b o o s e e o . -0.151
Alrfoll section .« ¢ ¢ ¢« ¢ ¢ o ¢ = o« « s s & o s o a o ¢ BAC 100

Vertical Tail:

Span, ft . . . . e s e e e s e e s s e e e e e 18.9
Area (including dorsal), BA Pt ¢ ¢« ¢ 4 o o v b 0 e e e e 230.0
Aspect ratlio &« ¢ ¢ ¢ ¢t i e 4 i e 6 e s s e e s e s e s . 1.55
Taper TE&ELIO o « ¢ o o o & o s o = s o s s s s o s o o o = 0.34
Thickness ratlo + ¢ ¢ ¢ ¢ o ¢ o ¢ o o ¢ ¢ o o o o o s o o 0.10
Mean serodynemic chord, IMe « & ¢ o o o o « o o o o o o 158.4
Sweep at 25-percent chord, deg « « « o « « o « & ¢ « =« o =« 5.0
Root chord (at water level 200), ine « « « ¢ « « « o « 216.0
Tip chord, 4le + ¢ ¢ ¢ 4 « « o o« & o o s ¢ s o o o s & » ™

Alrfoll section . -« ¢ ¢ ¢ ¢ o o ¢ ¢ o o o o« « o« o s o o BAC 100
Power plant:

8ix Genersl Electrit¢ J-L7-GE-23 turbojet engines with a sea~level mili-
tary thrust rating of 5,800 pounds at 100 percent rotational speed
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Figure 2.- Three-view drawing of the test airplane.
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Figure 3.- Sketch of left wing showing pertinent dimensions and reference-
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Figure 4.~ Typical varistion of alr-loasd bending moment and torque with
air-load shear at the inbomrd reference axes on the left wing.
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Figure 6.- Envelope of center-of-pressure locations for the left-wing
additional air loads acting outboard of reference axis Rl.
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Figure 12.~ Vuriatlon with Mach mmber of the fraction of the wing-
fuselage normal-force coefficient cerried by the wing for three alr-
craft conflgurations.
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